
Efectos respiratorios del uso prolongado de prednisolona en bebés con 

displasia broncopulmonar establecida y en evolución. 

Early Human Development 2021;Vol 156():105344. LIVISKIE, C.; VESOULIS, Z.; ZELLER, B.; 

RAO, R.; MCPHERSON, C. Fecha: 20/02/2021 

Abstract  
 
ANTECEDENTES: La literatura actual se centra en los corticosteroides sistémicos para la 

prevención de la displasia broncopulmonar (DBP) en lactantes prematuros con datos 

limitados sobre su uso para la enfermedad pulmonar después del primer mes de vida. La 

prednisolona puede ser una opción razonable para el tratamiento tardío dadas sus 

propiedades farmacológicas deseables y su uso en otras enfermedades pediátricas. 

OBJETIVOS: Caracterizar una población prematura que recibió un ciclo prolongado de 

prednisolona y determinar el efecto sobre los resultados respiratorios y antropométricos a 

lo largo del tiempo. DISEÑO DEL ESTUDIO: Estudio retrospectivo unicéntrico. SUJETOS: 

Lactantes prematuros que recibieron = 30 días de prednisolona o metilprednisolona para el 

tratamiento de las complicaciones respiratorias posteriores al parto prematuro. MEDIDAS 

DE RESULTADOS: Evaluación de la puntuación de gravedad pulmonar (PSS), peso, longitud 

y circunferencia frontal occipital semanalmente durante las primeras 4 semanas de 

prednisolona y después de la interrupción. RESULTADOS: Se identificaron 34 lactantes con 

una edad gestacional media de 26,5 ± 2,5 semanas y un peso al nacer de 846 ± 353 g. Nueve 

pacientes estaban en ventilación mecánica invasiva y 25 pacientes estaban en soporte 

respiratorio no invasivo al inicio de la prednisolona. La prednisolona se inició a una edad 

posmenstrual media de 41,7 ± 5 semanas y una dosis media de 1,7 ± 0,6 mg / kg / día. Se 

observó una disminución significativa de el PSS (Pulmonary Severity Score) con el tiempo (p 

<0,001) sin rebote tras la interrupción. Once pacientes disminuyeron el modo de asistencia 

respiratoria durante el tratamiento con prednisolona. No se identificó un impacto 

significativo en los resultados antropométricos. CONCLUSIÓN: El uso prolongado de 

prednisolona se asoció con una disminución sostenida de la PSS sin efectos adversos en las 

mediciones del crecimiento. Estos resultados sugieren un beneficio potencial de la 

prednisolona sobre los resultados respiratorios en un subconjunto de recién nacidos 

prematuros. 
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A B S T R A C T   

Background: Current literature focuses on systemic corticosteroids for prevention of bronchopulmonary dysplasia 
(BPD) in preterm infants with limited data on use for pulmonary disease after the first month of life. Prednisolone 
may be a reasonable option for late treatment given its desirable pharmacologic properties and use in other 
pediatric disease states. 
Aims: To characterize a premature population that received an extended prednisolone course and determine the 
effect on respiratory and anthropometric outcomes over time. 
Study design: Single-center, retrospective study. 
Subjects: Preterm infants who received ≥30 days of prednisolone or methylprednisolone for treatment of res-
piratory complications following preterm birth. 
Outcomes measures: Assessment of pulmonary severity score (PSS), weight, length, and occipital frontal 
circumference weekly during the first 4 weeks of prednisolone and after discontinuation. 
Results: Thirty-four infants with a mean gestational age of 26.5 ± 2.5 weeks and birth weight of 846 ± 353 g were 
identified. Nine patients were on invasive mechanical ventilation and 25 patients were on non-invasive respi-
ratory support at prednisolone initiation. Prednisolone was initiated at a mean post-menstrual age of 41.7 ± 5 
weeks and a mean dose of 1.7 ± 0.6 mg/kg/day. A significant decrease in PSS was seen over time (p < 0.001) 
without rebound following discontinuation. Eleven patients decreased the mode of respiratory support during 
prednisolone treatment. No significant impact in anthropometric outcomes were identified. 
Conclusion: Prolonged prednisolone use was associated with a sustained decrease in PSS without adverse effects 
on growth measurements. These results suggest potential benefit of prednisolone on respiratory outcomes in a 
subset of preterm infants.   

1. Introduction 

Bronchopulmonary dysplasia (BPD) is a common adverse outcome 
experienced by premature neonates born before 30 weeks gestation and 
is characterized by a prolonged requirement of supplemental oxygen 
and/or ventilatory support. The etiology of BPD is multifactorial, and 
prolonged mechanical ventilator support is a key factor in its develop-
ment. The National Institute of Child Health and Human Development 
(NICHD) uses a severity-based definition that includes oxygen require-
ment for 28 days and assessment at 36 weeks post-menstrual age (PMA) 

for patients born <32 weeks gestation [1,2]. Despite improvements in 
other prematurity associated morbidities, the incidence of BPD has 
remained largely unchanged, with almost half of neonates born ≤28 
weeks diagnosed with some severity of BPD [3]. As patients with BPD 
have a high mortality and a high incidence of morbidities, additional 
interventions that decrease the severity of BPD are urgently needed [4]. 
Pulmonary ramifications of BPD can also extend beyond the neonatal 
period with nearly half of premature neonates diagnosed with BPD 
requiring hospitalization in the first year after discharge from the 
neonatal intensive care unit (NICU) [4,5]. Half of patients born <29 

Abbreviations: BPD, bronchopulmonary dysplasia; CPAP, continuous positive airway pressure; FiO2, fraction of inspired oxygen; LPM, liters per minute; NICHD, 
National Institute of Child Health and Human Development; NICU, neonatal intensive care unit; OFC, occipital frontal circumference; PMA, post-menstrual age; PSS, 
pulmonary severity score; SGA, small for gestational age. 
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weeks gestation receive at least one respiratory medication in the first 
year of discharge from the NICU with 5% requiring the use of systemic 
corticosteroids [6]. Furthermore, lung function abnormalities can 
persist into childhood and adolescence [7,8]. 

Systemic corticosteroids are widely used for the prevention of BPD. 
Proposed mechanisms include upregulation of surfactant synthesis, 
promotion of antioxidant lung enzymes, inhibition of inflammatory cell 
proliferation and infiltration, and reduction in pulmonary edema [9]. 
The majority of randomized controlled trials in neonates focus on use of 
dexamethasone or hydrocortisone. Despite BPD prevention strategies, 
many patients still develop severe pulmonary disease, and there is 
limited evidence to inform prescribers on the risks and benefits of the 
use of systemic corticosteroids at an older PMA or in patients with 
established BPD. The potential pulmonary benefit of systemic cortico-
steroids must be balanced with known adverse effects including hy-
perglycemia, hypertension, osteopenia, cardiomyopathy, and growth 
impairment [10]. Prednisolone is an attractive choice for this patient 
population given successful use in other pediatric pulmonary disease 
states, such as asthma exacerbations [11]. Additionally, differences in 
pharmacologic properties between prednisolone and dexamethasone, 
including prednisolone’s decreased penetration into the cerebrospinal 
fluid and susceptibility to protective mechanisms in the brain, may 
decrease the risk of glucocorticoid-induced brain injury compared to 
dexamethasone in premature infants. [12,13]. 

A single study demonstrated that a short course of prednisolone is 
beneficial in weaning infants ≥36 weeks PMA with mild pulmonary 
disease off supplemental oxygen [14]. More recently, an analysis of 
chronic prednisolone use (≥30 days) for severe BPD showed only 
modest improvement in respiratory outcomes, with concern for detri-
mental effects on linear growth with extended use [15]. At our institu-
tion, we have a similar practice of using extended courses of 
prednisolone in patients with severe respiratory complications from 
prematurity often after use of other systemic corticosteroid courses. The 
objective of this study is to describe a premature patient population that 
received an extended course (≥30 days) of prednisolone and to evaluate 
the effects of prolonged prednisolone courses on respiratory support and 
anthropometric outcomes over time. 

2. Material and methods 

2.1. Study design and patient population 

We retrospectively identified all patients admitted to the level IV 
NICU at St. Louis Children’s Hospital who received ≥30 days of pred-
nisolone or methylprednisolone between January 1, 2009 and 
September 30, 2019. Infants who received ≥30 days of prednisolone or 
methylprednisolone during the study period were identified through the 
electronic medical record system. Methylprednisolone was included 
because it is commonly used as the intravenous equivalent to prednis-
olone in patients who are unable to take enteral medications and dosing 
is prescribed in a 1:1 ratio. Patients were excluded if they were born 
≥37 weeks gestational age or if prednisolone was given for a non- 
respiratory indication. Approval for this study was obtained from the 
Washington University in St. Louis Institutional Review Board. 

The decision to initiate prednisolone, dose, and duration was made at 
the discretion of the attending neonatologist. Typically, prednisolone 
treatment is started at 1–2 mg/kg/day. Infants who are treated with 
systemic corticosteroids for more than seven days are weaned off in a 
gradual fashion in an individualized manner based on patient response. 
Generally, prednisolone is weaned by 0.5 mg/kg every 5–7 days until 
the patient achieves a dose of 0.5 mg/kg/day for 5 to 7 days, at which 
time prednisolone is discontinued. 

2.2. Data collection and outcome measures 

Demographic data were collected for each patient (gestational age, 

birth weight, gender, small for gestational age (SGA), Apgar score) and 
mother (antenatal steroids, multiple gestation, Caesarian delivery, 
chorioamnionitis, pre-eclampsia). Historic systemic corticosteroid use, 
including corticosteroid type, duration, and number of courses, were 
collected. Respiratory support type, fraction of inspired oxygen (FiO2), 
and respiratory medications used in the calculation of the pulmonary 
severity score (PSS) were also collected at prednisolone initiation, 
weekly for four weeks during prednisolone treatment, one week after 
prednisolone discontinuation, and one month after prednisolone 
discontinuation. Data collected for each prednisolone course included 
time of initiation, starting dose, weekly dose, and total duration. 
Anthropometric measures (weight, length, and occipital frontal 
circumference (OFC)) were collected at prednisolone initiation, weekly 
for four weeks during prednisolone treatment, one week after prednis-
olone discontinuation, and one month after prednisolone discontinua-
tion. Additional data collected for patients that survived included 
tracheostomy placement, oxygen use, and respiratory medications at 
hospital discharge. Respiratory medications collected at discharge 
included prednisolone used for respiratory indications, inhaled corti-
costeroids, diuretics, and sildenafil. Cause of death or respiratory sup-
port at discharge were collected for each patient. 

The primary objective was to determine the effect of an extended 
course of prednisolone on respiratory status over time. Changes in res-
piratory status were assessed using the PSS, which assigns numerical 
values to the type of respiratory support and respiratory medications in 
combination with the FiO2 to provide a quantitative measure of neonatal 
pulmonary disease [16]. The PSS is calculated as: (FiO2) * (respiratory 
support score) + (respiratory medication score). Respiratory support is 
designated a score of 2.5 for invasive mechanical ventilation or tra-
cheostomy, 1.5 for continuous positive airway pressure (CPAP) or nasal 
cannula ≥2 L per minute (LPM), or 1 for nasal cannula <2 LPM or no 
supplemental oxygen. The FiO2 is the fraction of inspired oxygen (e.g. 
room air = 0.21) when delivered via invasive support or CPAP, and an 
“effective FiO2” is calculated when delivered via low flow nasal cannula. 
The respiratory medication score is the sum of the numerical values 
assigned for use of specific respiratory medications. Systemic cortico-
steroids used for the treatment of BPD are assigned a value of 0.2, 
scheduled diuretics or inhaled corticosteroids are given a value of 0.1, 
and methylxanthines or intermittent diuretics, defined as diuretics given 
less often than every other day, are assigned a value of 0.05. The final 
PSS ranges from 0.21–2.95. 

Secondary outcomes included the effect of extended prednisolone 
use on anthropometric measures, survival to discharge, and respiratory 
outcomes at discharge for surviving infants. Anthropometric data were 
collected as z-scores for weight, length, and OFC. Z-scores were calcu-
lated using PediTools Electronic Growth Chart Calculators [17]. This 
tool uses the 2013 Fenton Preterm Growth charts until corrected 
gestational age of 50 weeks, at which time, the World Health Organi-
zation Growth Standard is used [18,19]. 

2.3. Statistical analysis 

Descriptive statistics were used to summarize neonatal and maternal 
baseline data, prednisolone treatment course, and outcomes of patients 
that survived to hospital discharge. A linear mixed effects model was 
used to examine the change in PSS, weight, length, and OFC over time 
from baseline to weekly during the first four weeks of prednisolone, one 
week after discontinuation, and one month after discontinuation. Sta-
tistical significance was set at a p-value of <0.05. Statistical analysis was 
performed using R version 4.0.2 (R Foundation for Statistical 
Computing, Vienna, Austria). 

3. Results 

A total of 40 infants were identified as receiving ≥30 days of pred-
nisolone or methylprednisolone while admitted to the NICU during the 
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study period. Three patients were excluded for term gestation and three 
patients were excluded because prednisolone was received for a reason 
other than lung disease, resulting in 34 premature infants available for 
analysis. Baseline infant and maternal demographic data can be found in 
Table 1. Table 2 summarizes baseline systemic corticosteroid exposure 
and respiratory medications. Mean PMA at the start of prednisolone 
treatment was 41.7 ± 5 weeks, with 29 (85%) patients classified as se-
vere BPD, one (3%) patient with moderate BPD, and four (12%) patients 
less than 36 weeks PMA who therefore could not be categorized at 
prednisolone initiation, but subsequently met the definition of BPD. 
Data on prednisolone dose can be found in Table 3. At prednisolone 
initiation, nine (26%) patients required invasive mechanical ventilation, 
23 (68%) patients required non-invasive support with CPAP or nasal 
cannula ≥2 LPM, and two (6%) patients were on nasal cannula <2 LPM. 

3.1. Effects of prednisolone on respiratory outcomes and anthropometric 
measures 

A total of 11 (32%) patients saw a decrease in respiratory support 
during the first four weeks of prednisolone treatment, with two patients 
extubated, and nine patients weaning from non-invasive support to 
nasal cannula <2 LPM or no respiratory support. Four (12%) patients 
required escalation of respiratory support mode during prednisolone 
treatment. Of the 18 patients admitted one week after prednisolone was 
discontinued, three (17%) patients required escalation of respiratory 
support and four (22%) patients required re-initiation of systemic cor-
ticosteroids for a respiratory indication. Additional data on weekly 
changes to respiratory medications, respiratory support, and patient 
disposition can be found in Table 4. 

Mean PSS at initiation of prednisolone was 1.3 ± 0.64. Subsequent 
weekly PSS calculations were 1.16 ± 0.62 at 1 week, 1.02 ± 0.5 at 2 
weeks, 0.98 ± 0.46 at 3 weeks, and 0.98 ± 0.49 at four weeks of pred-
nisolone treatment. After discontinuation of prednisolone, PSS calcula-
tions were 0.99 ± 0.79 and 0.72 ± 0.4 at one week and one month, 
respectively. Linear mixed effects model showed a significant decrease 
in PSS from baseline compared to each of the timepoints (p < 0.001; 
Fig. 1). The significant decrease in PSS was sustained for intubated and 
non-intubated patients. No significant differences in z-scores for weight, 
length, or OFC were seen during the first four weeks of prednisolone 
treatment or in the month after prednisolone was discontinued 
(Figs. 2–4). 

3.2. Outcomes of patients at discharge 

A total of 28 (82%) infants survived to hospital discharge or were 
transferred to another institution. Six (18%) infants did not survive to 
discharge and mortality was primarily attributable to severe lung dis-
ease in all six patients. Three infants also had signs of pulmonary hy-
pertension on autopsy, two infants had pneumonia at the time of death, 
one patient had a presumed mitochondrial disorder, and one patient had 
cardiac hypertrophy. Three (9%) infants were transferred back to their 
original referring hospital, therefore survival to discharge or outcomes 
at discharge were unable to be assessed for these patients. Clinical 
outcomes of surviving infants discharged from our institution (n = 25) 
can be found in Table 5. Comparison of respiratory support from pred-
nisolone initiation to discharge showed 21 (84%) patients with a 
decrease, three (12%) patients with no change, and one (4%) patient 
with an increase in respiratory support. 

4. Discussion 

In this study, we report a significant improvement in respiratory 
status with the use of a prolonged course of prednisolone for treatment 
of respiratory complications of prematurity without adverse effect on 
anthropometric measures. In our patient population, a decrease in PSS 
was sustained throughout the first four weeks of prednisolone treatment 
without a significant change in z-scores for weight, length, or OFC. Our 
study is also the first to include post-prednisolone respiratory assess-
ment to determine risk of rebound effect, documenting a sustained 
decrease in PSS with only 17% of patients requiring increased respira-
tory support and 22% of patients requiring re-initiation of systemic 
corticosteroids in the week after prednisolone discontinuation. Our 
analysis is valuable given the lack of data on respiratory outcomes with 
use of systemic corticosteroids outside of the first month of life. Addi-
tionally, our study included data on prior dexamethasone and hydro-
cortisone exposure which provides information on response to 
prednisolone in the presence of previous systemic corticosteroid use. 

Our patient population was comprised of a subset of premature in-
fants with prolonged significant respiratory morbidity including me-
chanical ventilation. Despite this, we saw improvement in PSS with an 
extended course of prednisolone. Bhandari and colleagues reported a 
similar benefit with a shorter course of prednisolone for treatment of 

Table 1 
Infant and maternal demographic information.  

Infant 

Mean gestational age, weeks ± SDa 26.5 ± 2.5 
Mean birth weight, grams ± SDa 846 ± 353 
Mean age of prednisolone initiation  

Day of life ± SDa 107 ± 35 
PMAb, weeks ± SDa 41.7 ± 5 

Small for gestational age, n (%) 7 (21) 
Apgar score  
≤5 at 1 min, n (%) 23 (68) 
≤5 at 5 min, n (%) 14 (41)   

Maternal 

Antenatal steroids, n (%) 32 (94) 
Multiple gestation, n (%) 8 (24) 
Caesarian delivery, n (%) 28 (82) 
Chorioamnionitis, n (%) 11 (32) 
Pre-eclampsia, n (%) 10 (29)  

a SD: standard deviation. 
b PMA: post-menstrual age. 

Table 2 
Baseline respiratory medications and historic systemic corticosteroid exposure.  

Previous systemic corticosteroid use, n (%) 28 (82) 
Systemic corticosteroid type, n (%)  

Hydrocortisone only 10 (29) 
Dexamethasone only 3 (9) 
Both 15 (44) 

Mean number of steroid courses, ± SDa 1.9 ± 1.2 
Mean duration of hydrocortisone, days ± SDa 22 ± 8.9 
Mean duration of dexamethasone, days ± SDa 11.1 ± 5.1 
Baseline respiratory medications, n (%)  

Scheduled diuretics 23 (68) 
Sildenafil 9 (26) 
Inhaled steroids 5 (15)  

a SD: standard deviation. 

Table 3 
Prednisolone dosing information.  

Median duration, days (range) 57 (30–208) 
Mean starting dose, mg/kg ± SDa 1.7 ± 0.6 
Mean daily dose, mg/kg/day ± SDa  

Week 1 1.77 ± 0.44 
Week 2 1.3 ± 0.4 
Week 3 1.07 ± 0.38 
Week 4 0.88 ± 0.37  

a SD: standard deviation. 
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oxygen-dependent BPD, but only in non-intubated patients with less 
severe respiratory disease [14]. In this study, of the patients who 
received prednisolone, two-thirds of infants were weaned from oxygen 
by hospital discharge. Baseline PSS in patients that responded to pred-
nisolone was 0.63 ± 0.13 compared to 0.88 ± 0.35 in those that did not 
respond. Additional analysis supported that patients most likely to 
respond to prednisolone had a capillary PCO2 < 48.5 mmHg or a PSS <
0.5. Our analysis demonstrated benefit in patients with more severe 
respiratory disease as demonstrated by the higher initial PSS for our 
entire cohort (1.3 ± 0.64) and a higher initial PSS in our non-intubated 
patients (1.03 ± 0.27). Additionally, a quarter of our patients received 
mechanical ventilation at the time of prednisolone initiation. Despite 
our cohort’s higher PSS at prednisolone initiation, a measurable clinical 

impact was still noted with a significant decrease in PSS throughout 
prednisolone treatment. While initial prednisolone dosing was similar 
between studies, the differences in baseline respiratory support and 
evaluated endpoints make it uncertain if our patient response is pri-
marily attributable to the increased treatment duration or if a shorter 
course would have produced a similar outcome. 

While our cohort primarily included infants with severe BPD, most of 
our patients received non-invasive support. Similar to our study, Lina-
felter and colleagues used PSS to evaluate the effect of chronic pred-
nisolone on respiratory status in patients with severe BPD, however, 
most of their patients required invasive mechanical ventilation [15]. 
Patient baseline demographic data and prednisolone dosing was very 
similar to our patient cohort; yet, only a marginal benefit in respiratory 

Table 4 
Change in pulmonary severity score (PSS) components and patient disposition over time.   

Baseline Day 7 Day 14 Day 21 Day 28 1 week postf 1 month postf 

Disposition, n (%)        
Inpatient 34 (100) 34 (100) 34 (100) 34 (100) 34 (100) 18 (53) 11 (32) 
Discharged n/a n/a n/a n/a n/a 15 (44) 19 (56) 
Deceased 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 1 (3) 3 (9) 
Transferred 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 1 (3) 

Respiratory Support Change, n (%)g      N = 18 N = 11 
Weaned noninvasive respiratory support  0 (0) 5 (15) 1 (3) 3 (9) 3 (17) 3 (27) 
Extubated  1 (3) 1 (3) 0 (0) 0 (0) 1 (6) 1 (9) 
Escalated respiratory support  2 (6) 0 (0) 0 (0) 2 (6) 3 (17) 0 (0) 

Respiratory Mode, n (%)        
Invasive mechanical ventilation 9 (26) 9 (26) 8 (24) 8 (24) 8 (24) 6 (33) 3 (27) 
CPAPa or nasal canula ≥2 LPMb 23 (68) 22 (65) 18 (53) 17 (50) 16 (47) 7 (39) 4 (36) 
Nasal canula <2 LPMb or room air 2 (6) 3 (9) 8 (24) 9 (26) 10 (29) 5 (28) 4 (36) 

Mean FiO2
c ± SDd 0.56 ± 0.22 0.48 ± 0.2 0.44 ± 0.18 0.42 ± 0.17 0.43 ± 0.18 0.46 ± 0.25 0.42 ± 0.19 

Mean PSSe ± SDd 1.3 ± 0.64 1.16 ± 0.62* 1.02 ± 0.5* 0.98 ± 0.46* 0.98 ± 0.49* 0.99 ± 0.79* 0.72 ± 0.4* 
Medications, n (%)      N = 18 N = 11 

Systemic steroids 34 (100) 34 (100) 34 (100) 34 (100) 34 (100) 4 (22) 3 (27) 
Diuretics 27 (79) 25 (74) 24 (71) 24 (71) 22 (65) 13 (72) 7 (64) 
Inhaled steroids 1 (3) 1 (3) 1 (3) 1 (3) 0 (0) 0 (0) 0 (0) 
Caffeine 3 (9) 1 (3) 1 (3) 1 (3) 0 (0) 0 (0) 0 (0) 
Intermittent diuretics 2 (6) 1 (3) 0 (0) 0 (0) 0 (0) 0 (0) 1 (9)  

a CPAP: Continuous positive airway pressure. 
b LPM: Liters per minute. 
c FiO2: Fraction of inspired oxygen. 
d SD: Standard deviation. 
e PSS: Pulmonary severity score. 
f Time points are post-prednisolone discontinuation. 
g Changes based on comparison to respiratory support the previous week. 
* Denotes statistical significance from baseline (p < 0.001). 

Fig. 1. Change in pulmonary severity score (PSS) from prednisolone initiation. Data represents the mean PSS with the error bars representing the standard deviation. 
Significant differences from prednisolone initiation are denoted with an asterisk (*). 
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support was seen with a PSS decrease from 1.5 ± 0.5 at prednisolone 
initiation to 1.3 ± 0.4 at 1 week. No reduction in PSS was seen at sub-
sequent time points. This discordant outcome may be a product of the 
patient population evaluated, institution specific weaning protocols, or 
differences in respiratory support management. Over 50% of the pa-
tients in the Linafelter cohort required invasive mechanical ventilation 
at prednisolone initiation compared to 26% in our analysis. A decrease 
in PSS from baseline was sustained over the first four weeks of pred-
nisolone treatment despite evidence that the weekly prednisolone dose 
decreased incrementally over this same time period. Although weekly 
dosing was not calculated by Linafelter and colleagues, anecdotal 
weaning information was provided, which described a more aggressive 
approach than used in our study. This could provide additional expla-
nation for the differences in PSS response between our two studies, but 
given weaning was ultimately left to the discretion of the attending 
physician in both circumstances, this cannot be confirmed. 

We evaluated growth parameters in our cohort given the recognized 
concerns with long-term corticosteroid exposure in infants, but we did 
not see a decrease in any anthropometric z-scores throughout the first 
four weeks of treatment with prednisolone or at one week after 
discontinuation. A non-significant decrease in length was noted at one 

month after prednisolone discontinuation, which is concerning given 
the limited number of patients evaluated at this time point (n = 11). 
Evaluation of more patient data may impact significance. Additionally, 
we had a wide variation in duration of prednisolone treatment with the 
median duration of 57 days (range 30–208) and the trend in decreased 
length after discontinuation may be more indicative of prednisolone’s 
overall effects on length. Linafelter and colleagues did find a significant 
decrease in length z-scores at 4 weeks of prednisolone treatment [15]. 
The exact cause of this difference in length outcomes is indiscernible 
through retrospective study design given many factors other than sys-
temic corticosteroid exposure affect anthropometric outcomes of pre-
mature patients [20]. However, it is plausible that differences could 
again be attributed to variance in severity of illness between our studies, 
reflected in PSS at prednisolone initiation and respiratory support modes 
previously discussed. Additionally, most patients included in the pre-
vious study were referred from outside hospitals for specialized BPD 
management, which likely reflects a population with more severe BPD. 
The large number of patient referrals also prevented the authors from 
obtaining historical information on systemic corticosteroid exposure, 
which could likewise influence growth outcomes. Interestingly, despite 
our patient cohort receiving an average of two courses of systemic 
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Fig. 2. Change in weight (z-score) from prednisolone initiation. Data represents the mean weight z-score with the error bars representing the standard deviation. 
Significant differences from prednisolone initiation are denoted with an asterisk (*). 
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Fig. 3. Change in length (z-score) from prednisolone initiation. Data represents the length weight z-score with the error bars representing the standard deviation. 
Significant differences from prednisolone initiation are denoted with an asterisk (*). 
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corticosteroids prior to prednisolone, we did not see significant deficits 
in growth parameters over time which is likely indicative of more 
complex factors impacting growth not assessed in our study. Although it 
is reassuring that a prolonged course of prednisolone did not affect short 
term anthropometric measures in our patient population during the 
study period, our study is limited by retrospective analysis and small 
sample size which cannot adequately address the concern with growth 
deficits seen with long-term systemic corticosteroids. 

Our patient cohort experienced a sustained decrease in the PSS 
throughout the first four weeks of prednisolone treatment and did not 
see a substantial rebound effect at one week and one month after 
prednisolone was discontinued. The PSS attempts to quantify a weighted 
comprehensive overview of pulmonary status, but additional validation 
of this scoring tool is needed before fully understanding how changes 
correlate with clinical outcomes [16]. Given the limitations of the PSS, 
we felt it was important to include the individual components of the PSS 
to understand the clinical effects of prednisolone on pulmonary status. 
We recognize that despite a significant decrease in PSS, only one-third of 
our infants had a decrease in the mode of respiratory support. The PSS 
development cohort demonstrated that a higher PSS is associated with 
subsequent pulmonary morbidity, but <30% of patients required higher 
respiratory support (CPAP or invasive mechanical ventilation) with 
baseline PSS between 0.38 and 0.48 [16]. Further analysis of the com-
ponents of the scoring system showed that removal of respiratory sup-
port from the equation improved equation performance, although only 
marginally. This indicates respiratory support may lack influence on the 
score and therefore makes it unsurprising that we saw a discordant effect 
of prednisolone on PSS and changes in respiratory support. This is 
corroborated by the results of Linafelter and colleague, in which analysis 
of the significant change in PSS seen in the first week of prednisolone 
treatment was mainly driven by a decrease in FiO2, not change in res-
piratory support mode [15]. While inclusion of the PSS in our study was 
useful to compare baseline respiratory morbidity to previous studies, 
changes in PSS may not correlate with clinically significant changes in 

respiratory status and basing the use of prednisolone on changes in the 
PSS alone is discouraged. Despite this limitation, we still found a 
decrease in level of respiratory support in 11 patients and only four 
patients required escalation of support after discontinuation of 
prednisolone. 

Additional limitations to our study include the retrospective study 
design and absence of a comparator control group which makes it 
difficult to determine if improvements in respiratory outcomes were 
attributable to the use of prednisolone or are a function of time and 
growth. We also only included a limited analysis of adverse effects with 
chronic corticosteroids. Although we evaluated anthropometric mea-
sures over the duration of the prednisolone course and after discontin-
uation, we did not assess other well-described adverse effects associated 
with systemic corticosteroids. The retrospective nature of our study 
limited our capability to meaningfully evaluate these other potential 
adverse effects seen with chronic corticosteroid use. Given a high pro-
portion of our patient cohort met criteria for severe BPD, it would be 
extremely difficult to attribute any potential adverse outcomes directly 
to chronic prednisolone use given the complexity of medical care for 
these patients. However, it is important to note that one patient did have 
evidence of cardiac hypertrophy on autopsy, which is a known adverse 
effect from chronic systemic corticosteroid use, and future evaluations 
of prolonged corticosteroids should evaluate for this effect. Despite these 
limitations, our study did show a significant decrease in PSS with the use 
of prednisolone without significant detriment on growth outcomes. 
More significantly, we included evaluation of weekly prednisolone 
doses, which demonstrated a sustained decrease in PSS in the presence 
of a weaning prednisolone dose. Other strengths of our study include the 
inclusion of historic systemic corticosteroid use and post-prednisolone 
anthropometric and PSS assessments to evaluate for potential delayed 
growth implications and the risk of rebound respiratory complications, 
both of which were not apparent. However, the risk of growth impair-
ment cannot be dismissed based on our small retrospective cohort since 
it is likely inadequate to thoroughly assess for this risk long-term. 

Our study provides additional data for the role of prednisolone in the 
treatment of respiratory complications from prematurity beyond the 
first month of life. While previous literature has shown benefit of short 
courses of prednisolone in mild respiratory disease, more recent data 
showed little benefit of chronic prednisolone for treatment of severe 
BPD [14,15]. We found a benefit with prolonged prednisolone courses, 
and while our study population primarily met classification as severe 
BPD, further breakdown of patient characteristics made it evident that 
the respiratory status of our cohort was likely less severe than those 
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Fig. 4. Change in occipital frontal circumference (OFC) (z-score) from prednisolone initiation. Data represents the mean OFC z-score with the error bars representing 
the standard deviation. Significant differences from prednisolone initiation are denoted with an asterisk (*). 

Table 5 
Outcomes of patients at discharge, N = 25.  

Tracheostomy, n (%) 3 (12) 
Home oxygen, n (%) 23 (92) 
Diuretics prescribed at discharge, n (%) 17 (68) 
Prednisolone prescribed at discharge, n (%) 14 (56) 
Sildenafil at discharge, n (%) 4 (16) 
Inhaled steroids prescribed at discharge, n (%) 1 (4)  
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described by Linafelter and colleagues. This highlights the broad spec-
trum of patients that are encompassed by the severe BPD category, and 
our study demonstrates that there may be a subset of patients within this 
criterion that experience short term benefit from the use of prednisolone 
even after use of previous systemic corticosteroids. Additional well- 
designed clinical trials are desperately needed to determine predniso-
lone’s effects on invasive and non-invasive respiratory support in spe-
cific patient populations (mild, moderate, and/or severe BPD). Further 
evaluation is also needed to determine the exact dosing, duration, and 
weaning protocol that balances benefit without significant adverse ef-
fects. Most importantly, data is lacking on long-term pulmonary and 
neurodevelopmental outcomes with use of prednisolone and ultimately 
until more robust analyses of this therapy are performed, universal 
adoption into clinical practice should be avoided. 
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